Passive parity-time-symmetric medium provides a feasible scheme to investigate non-Hermitian systems experimentally. Here, we design a passive PT-symmetric acoustic grating with a period equal to exact PT-symmetric medium. This treatment enhances the diffraction ability of a passive PT-symmetric grating with more compact modulation. Above all, it eliminates the first-order disturbance of previous design in diffraction grating. Additional cavities and small leaked holes on top plate in a 2D waveguide are used to construct a parity-time-symmetric potential. The combining between additional cavities and leaked holes makes it possible to modulate the real and imaginary parts of refractive index simultaneously. When the real and imaginary parts of refractive index are balanced in modulation, asymmetric diffraction can be observed between a pair of oblique incident waves. This demonstration provides a feasible way to construct passive parity-time-symmetric acoustic medium. It opens new possibilities for further investigation of acoustic wave control in non-Hermitian systems.
Parity-time (PT) symmetry is a concept arising from Quantum mechanics, which means the invariance of Hamiltonian under parity-time inversion. It was believed that Hermitian Hamiltonian was the guarantee of real spectra corresponding to observable physical quantities. Until 1998, Bender and Boettcher confirmed that non-Hermitian Hamiltonian could still possess real spectra in a complex system with parity-time reflection symmetry [1] . A necessary but not sufficient condition of PT symmetry is   * () VV  rr . It means that the real part of the Hamiltonian potential is an even function of position, whereas the imaginary part is an odd function. When the complex potential exceeds a threshold, spontaneous breaking can be observed from the unbroken phase to broken phase of PT symmetry [2] [3] [4] [5] . The phase transition singularity is called exceptional point, which is one of the most important characteristic of non-Hermitian Hamiltonian.
In recent years, non-Hermitian system with PT-symmetric potential has been widely applied in fields of classic waves because of the similarity between Schrodinger equation and classic wave equation . Many unconventional phenomena in optics have been demonstrated, including Bloch oscillation [6, 7] , optical isolation [8, 9] , unidirectional invisibility or reflectionless effect [10] [11] [12] , coherent perfect absorption (CPA) and lasing [15] [16] [17] [18] [19] [20] 31 ]. In addition, many interesting acoustic effects of PT symmetry, such as one-way cloak [32] , invisible sensing [22] and sound absorption [33] , have also drawn much attention. However, previous works mainly pay attention to PT symmetry of 1D waveguides, in which wave propagates along with the direction of modulation. To enhance the practicability and applicability of PT-symmetric system, research on higher dimensional system is an urgent and important task [34] [35] [36] [37] .
Diffraction grating is a basic device in 2D waveguide, whose physical characteristics of PT symmetry have been discussed in optics [35] [36] [37] . Conventional Bragg scattering gratings with only real-part modulation of refractive index offer a pair of opposite wave However, PT-symmetric gratings offer a unidirectional wave vector at EP, with balanced modulations between real and imaginary parts ( ri nn  ). In this letter, asymmetric diffraction of a passive PT-symmetric acoustic grating has been investigated theoretically and experimentally. At balanced modulation of real and imaginary parts, the +1 st diffraction order with negative incident Bragg angle is much weaker than -1 st diffraction order with positive incident angle. Such asymmetric diffraction acoustic grating have potential applications in many fields, such as beam forming, ultrasonic medical imaging, and directional noise reduction. 
Here, we focus on the first-order Bragg scattering of the PT-symmetric grating. The high-order diffractions can be negligible in the studied frequency range. The Fourier expansion of the modulated refractive index is 1
For the incident monochromatic plane wave at Bragg angle 
] , which follows from Snell's law. The existence of nontrivial solutions of the system expressed by Eq. (4) allows us to write down the dispersion relation for z projections of wave vectors
The two modes of Eq. (5), the following relationship for the amplitudes of diffractive waves can be obtained: As a result, the Fourier coefficients in Eq. (4) exchange between 1 C and -1 C . The corresponding diffraction intensity ratio changes to
naturally. It can be seen that the diffraction intensity ratios of positive and negative incident angles are both determined by the Fourier coefficients of refractive index. In classic PT-symmetric system, the Fourier coefficients are shown as:
It is clear that To simplify the structural design requirement, previous researchers adopted the Fourier translation of a complex square-wave modulation in exchange for the complex exponential modulation. In addition, the manual truncation and in-phase shift of refractive index separate the modulations of real and imaginary parts spatially.
Considering the absence of natural gain medium, the gain part is removed to enhance the feasibility of experimental implementations. This evolution process from exact PTsymmetric modulation to passive PT-symmetric modulation is presented in Fig. 2(a) . It has been proved that the features at EP of exact PT symmetry can still be observed and controlled in passive PT-symmetric system [11, 34, 37, 38] . However, this adjustment artificially doubles the modulation period. And the utilization of second-order Bragg scattering will leave unwished first-order disturbance in PT-symmetric diffraction gratings. Moreover, the expansion of the period reduces the ability of diffraction. To overcome the shortage of existing passive PT-symmetric medium in diffraction gratings, we change the period back to that of exact PT-symmetric medium, with overlap of real and imaginary modulations. The Fourier coefficients of refractive indexes in the existing and revised passive PT-symmetric mediums are shown as follows:
Comparing Fourier coefficients in Eqs. (8) incident angle. From Fig. 2(b) , it can be seen that the +1 st diffraction order is suppressed completely at EP, while -1 st diffraction order is not very susceptible to the modulation ratio between real and imaginary parts. It is because unidirectional wave vector is generated in the diffraction grating when the modulation reaches the balanced condition ri nn  . As long as the modulation deviates from the balanced condition, unidirectional mode coupling will be broken down and +1 st diffraction order will appear again. Figure   2 (c) shows the intensity contrast between -1 st diffraction order and +1 st diffraction order with different modulation ratios, which reaches a prominent peak at EP. To verify the asymmetric diffraction effect of the revised passive PT-symmetric grating, we designed an acoustic diffraction grating in a 2D waveguide. In the proposed model, three equal-width parts in a period need to be modulated. The cross-sectional views of corresponding modulators are shown in Fig. 1(c) . In this grating, additional upward cavities are selected to modulate the real part and top small holes are chosen to modulate the imaginary part, similar to the sound leakage of slits [5] . The real and imaginary parts can be modulated simultaneously by combining small holes with additional cavities. Here sound-absorbing cotton is paved on the radiation holes to absorb sound energy as much as possible. Full sound absorption can be obtained with impedance matching boundary condition [40] . The relative impedance of soundabsorbing cotton used here is 1.7+0.1i around 3.1 kHz, and the absorption is about 93%.
The wanted refractive index distribution can be obtained through adjusting the Fig. 4(a) . From the normalized sound pressure fields, it can be seen that the +1 st diffractions with negative incident angle are much weaker than -1 st diffractions with positive incident angle. In Fig. 4(b) , we show the simulated diffraction intensity contrast I+/I-with different frequencies, which is higher than 200 in the studied frequency range. Corresponding measured results are displayed in Fig. 4(c In conclusion, asymmetric diffraction in a passive PT-symmetric acoustic grating has been achieved experimentally. In this grating, the period of passive PT-symmetric medium is revised to eliminate the first-order disturbance in existing design. A unit combing additional cavities and leaked holes is introduced to modulate the real and imaginary parts of refractive index simultaneously. Asymmetric acoustic gratings provide a feasible way to modulate and control acoustic beams, which may have applications in noise control and beam forming. This study also broadens the route for designing functional PT-symmetric acoustic devices and enables us to investigate further into the physical fundamental of non-Hermitian acoustic systems.
